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Abstract 
Ni47Ti44Nb9 Shape Memory Alloys (SMA) are widely considered for tightening applications. The most common one are shape 
memory rings whose diameter decreases during heating. The alloy is composed of a NiTi matrix containing niobium precipitates. 
A specific thermomechanical treatment increases by more than one hundred degrees the transformation temperature hysteresis, 
what increases the range of use and improves the tightening efficiency. 
Tightening pressures exhibited by Ni47Ti44Nb9 rings with two various thicknesses are experimentally investigated. The test bed is 
composed of an Inconel 718 pipe instrumented by strain gauges sensors. Measured strains lead to the tightening pressure thanks 
to the large elastic resistance of Inconel. Evolutions with temperature are recorded. 
A thermo-mechanical constitutive law, specific for Ni47Ti44Nb9, has been developed. It is based on the Mori-Tanaka scale 
transition technique by considering the precipitates as elastic-plastic inclusions embedded in the SMA matrix. Its behavior is 
described by the Chemisky, Duval et al. constitutive model. The elastic-plastic constitutive law for inclusion is a classical one 
proposed by Simo and Hughes. The resulting effective law is implemented, and validated in ABAQUS via UMAT subroutine. 
The developed approach is adopted for the simulation of the experimental tests on Ni47Ti44Nb9 rings, and comparisons are 
performed. 
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1. Introduction 
Commercial Ni47Ti44Nb9 Shape Memory Alloy is often used in industrial connector applications, thanks to its 
wide transformation hysteresis. It has been shown that a specific mechanical treatment in martensite state stabilizes 
this phase [1,2,3]. Thereby, reverse transformation temperature As can increase from -18 °C to 80 °C [4] which leads 
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to a hysteresis upper than 160 °C. In comparison with classical NiTi for which hysteresis is lower than 40 °C, the 
application field is increased in a wide range of temperature. 
It has been shown that Ni Ni47Ti44Nb9 microstructure is complex, composed of various phases: NiTi polycristal, 
rich-niobium precipitates and rich-titanium precipitates [5]. A thermo-mechanical model taking into account this 
microstructure has been proposed [6]. It considers niobium precipitates as elastic-plastic inclusion embedded in a 
NiTi matrix. Chemisky-Duval model gives NiTi shape memory alloy constitutive law [7]. The elastic-plastic 
constitutive law for inclusions is a classical one proposed by Wilkins, through Simo and Hughes radial return 
algorithm [8,9]. Mori-Tanaka scale transition technique [10] leads to the effective behavior.  
In this study, the Ni47Ti44Nb9 rings tightening on Inconel 718 rings is investigated. The aim is to compare 
experimental and numerical results in order to test the model's ability to accurately predict the Ni47Ti44Nb9 behavior. 
Ni47Ti44Nb9 rings are opened from martensitic state, placed around Inconel 718 elastic pipes, and heated. The 
temperature increasing induces reverse transformation and tightening of rings on pipes. The contact pressure 
evolution with temperature is measured in experimental bed, and compared with numerical results. Two different 
thickness rings are considered. 
Experimental investigations and results are firstly presented, followed by numerical part which describes the 
Ni47Ti44Nb9 model and finite element model. Experimental and numerical results are then compared and discussed in 
order to validate the adopted Ni47Ti44Nb9 model and highlight the model limitations. 
2. Experimental analysis 
Studied device is presented in Figure 1 a). It is composed of a Ni47Ti44Nb9 ring whose internal diameter is DRI, 
thickness is tR and length LR, and an Inconel 718 elastic ring (E=204.9 GPa, =0.29, th=13 m/(m°C), Y=1000 
MPa) whose external diameter is DPE, thickness is tP and length LP. 
 
 
 
Fig. 1: a) Tightening device of a Ni47Ti44Nb9 ring on Inconel 718 elastic ring instrumented with strain gages on internal face - b) Photograph of 
the instrumented ring. 
 
Two Ni47Ti44Nb9 rings are supplied by Intrinsic Devices in an "opened state", and internal diameters before 
opening is unknown. The two configurations, called "thin", and "thick", are summarized in Table 1. Rings are 
chosen so that internal diameter after opening is equal in both configurations, but with various thicknesses. "thin" 
and "thick" rings are supplied with different length. Elastic ring length is chosen in order to have same length than 
Ni47Ti44Nb9 one, to avoid edge effects. 
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Table 1: Ring dimension in two configurations 
N° Reference 
NiTiNb ring 
DRI 
opened 
(mm) 
heated 
tR 
(mm) 
LR 
(mm) 
DPE 
(mm) 
tP 
(mm) 
LP 
(mm) 
1-thin 
2-thick 
AHM2565-0089-1526 
AHM2565-0358-1016 
25.65 
25.65 
24.59 
24.47 
0.89 
3.58 
15.26 
10.16 
25.50 
25.50 
1.75 
1.75 
15.55 
10.40 
2.1. Tightening cycle and tightening pressure measurement 
Each test is performed twice for each configuration, the first time with a heating rate of 2 °C/min and a second 
with a heating rate of 10 °C/min. Ni47Ti44Nb9 and elastic rings are assembled into a climatic chamber. Heating is 
applied up to 175 °C, followed by cooling to -30 °C after a stabilization period of 15 minutes. Disassembly is 
achieved using liquid nitrogen. 
The internal face of elastic ring is instrumented by three strain gages positioned in a rosette-like layout, as shown 
in Figure 1 b). The 45° strain rosette permits to determine the three independent components of plane strain.  An 
analytical relationship is used to calculate the tightening pressure induced by Ni47Ti44Nb9 ring on elastic one. The 
tightening pressure P generated on external face of an elastic ring (Young modulus E, internal radius Ri and external 
radius Re) depends on internal face axial (z) and tangential () strains, by the relationship (1) [6]. 
 
 
 
2.2. Experimental results 
 
Figure 2 shows the contact pressure evolution with temperature in the two configurations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Contact pressure evolution with temperature of a two Ni47Ti44Nb9 rings on Inconel 718 elastic rings instrumented with strain gages. left) 
thin ring – right) thick ring 
 
 
The evolution can be outlined in three phases: Between 30 and 60 °C, a slight increase in clamping pressure of 
0.04 MPa/°C is observed. Between 65 and 175 °C, an increase of 0.27 MPa/°C is observed in the thin configuration 
until 120 °C, followed by saturation. In thick configuration, the increase is of 1.6 MPa/°C until 100 °C, followed by 
a progressive saturation. On cooling, between 175 and -28 °C, a very low tightening pressure evolution decreasing is 
observed in thin configuration (0.015 MPa/° C), and 0.12 MPa/°C in thick one. The first and third phase are due to 
the difference between rings thermal expansion: Inconel 718 thermal expansion coefficient is higher than 
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Ni47Ti44Nb9 one. The second phase corresponds to the transformation of martensite to austenite tightening. The loss 
of clamping force between the first two phases in thin configuration corresponds to the orientation of a part of 
martensite. 
3. Numerical analysis 
3.1. Ni47Ti44Nb9 model 
In Ni47Ti44Nb9, experimental observations show that a matrix phase mainly composed of NiTi is clearly 
identified, and Nb-rich inclusions are in a relatively little fraction (10 %), and well distributed [5]. Accordingly, the 
Mori-Tanaka transition scale scheme is adopted in order to lead to the effective thermo-mechanical constitutive law, 
starting from matrix and inclusion behavior, as illustrated in Figure 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3: Homogenization strategy leading from SMA polycrystalline matrix with spherical elastic-plastic inclusion to equivalent homogeneous 
medium  
 
The RVE is composed of SMA Matrix (NiTi) with elastic-plastic inclusions (niobium). Inclusions are modeled 
with a spherical shape with an elastic-plastic behavior [8,9]. The polycrystalline aggregate of NiTi matrix is 
described with a macroscopic model [11] which describes the main SMA physical phenomena and has physical 
material parameters easy to identify. Material parameters has been identified thanks to experimental tests [6,12]. 
Table 2 presents adopted parameters for Ni47Ti44Nb9 simulation. 
 
Table 2: Material parameter for predeformed Ni47Ti44Nb9 simulation 
 
EM 
80 GPa 
M 
0.3 
M 
8 m/(m°C) 
Ttrac 
0.02 
Tcomp 
0.016 
b 
10 MPa/°C 
Ms 
-101 °C 
Af 
63 °C 
rf 
0.7 
Fmax 
125 MPa 
Hf 
5 MPa 
H 
2,1 GPa 
Htwin 
40 GPa 
EI 
53 GPa 
I 
0.3 
I 
8 m/(m°C) 
Y 
70 MPa 
Hiso 
450 MPa 
n 
4 
z 
0.1 
 
EM, M, M and EI, I, I represent respectively thermoelastic behavior in matrix and inclusion (Young modulus, 
Poisson ratio, thermal expansion). The matrix phase transformation parameters are the maximal transformation 
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strain in tension (Ttrac) and compression (Tcomp), the transformation temperatures (Ms and Af), their variation with 
stress (b), an internal loop parameter (rf), the critical reorientation stress (Fmax) and three interaction parameters (Hf, 
H and Htwin). The plastic inclusion parameters are the elastic Yield stress (Y) and two hardening parameters (Hiso 
and n). z parameter represents the inclusion volume fraction. 
3.2. Finite Element Model 
The imposed cycle includes the opening of the SMA ring followed the experimental cycle. Quadrilateral 
axisymmetric elements are adopted to mesh the rings with a length of 0.22 mm and 0.3 mm for thin and thick cases, 
as shown in Figure 4 a). A reduced integration technique is considered. Figure 4 b) represents the Von Mises stress 
at the end of the cycle, and Figure 4 c) represents the martensite volume fraction when contact occurs. 
 
 
Fig. 4: Axisymmetric modeling of the two studied devices - a) Mesh b) Von Mises stress at the end of cycle c) Martensite volume fraction when 
contact occurs 
4. Discussion
The Figure 5 shows the comparison between experimental and numerical results for thin (Tn1) and thick (Tck1) 
devices. In both cases, the temperature at which the contact occurs between the rings is well modeled, as the 
tightening pressure evolution with temperature. The main difference is the saturation, which appears early in both 
cases and underestimates the pressure. When the temperature decreases, in thick ring configuration, the simulated 
tightening pressure evolution is identical to experimental one. However, in thin ring configuration, simulated 
evolution with temperature is stronger. In both cases, differences are lower than 10 %. 
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Fig. 5: Comparison between experimental and numerical results for the thin (a) and thick (b) ring devices 
5. Conclusion 
Ni47Ti44Nb9 proposed model is used to simulate the shape memory behavior of tightening rings. Comparisons 
with experience show that model and adopted material parameters give an accurate simulation of rings tightening. 
This model can be used for industrial applications design. However, simulations with rings thickness 2.5 times 
greater than length are not possible. Indeed, the opening of the ring induces a matrix plastic strain, not taken into 
account in the model. Studies are under investigation to take into account the effect of a plasticity gradient through 
the thickness on the maximum transformation strain. 
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